Abstract-Wireless Sensor Networks (WSNs) technology has been used for security monitoring to provide a safe working environment for Underground mining miners. But, energy consumption is an important issue in the design of routing protocol in wireless sensor networks. For the problems of coal mine chain-type network topology, unbalanced information flow and energy consumption among nodes is serious uneven, we proposed a Liner Energy-Balanced Uneven Cluster Routing Protocol Algorithm for Underground Mining. The cluster head election mechanism of the algorithm considered the distance between nodes and base station node, nodes energy and nodes density. At the same time, the algorithm reduces the amount of computation when candidate nodes campaigning. We evaluate LEBUC and the results show that LEBUC effectively graded the wireless sensor network of coal mine's "hot zone" problem and reduces network traffic and energy consumption. It extends the survival time of the network significantly.
I. INTRODUCTION
Wireless Sensor Networks (WSNs) [1] have gained worldwide attention in recent years, particularly with the proliferation of Micro-Electro-Mechanical Systems (MEMS), wireless communication, sensor technology, embedded computing and distributed information processing technology, which has facilitated the development of smart sensors. WSNs are used in numerous applications, such as environmental monitoring, habitat monitoring, prediction and detection of natural calamities, medical monitoring, and structural health monitoring [2] . Because of the features of self-organizing and flexible deployment and strong survivability, WSNs are particularly suitable for the comprehensive monitoring of the underground mine, which will help to improve mine anti-disasters ability. Comparing with the wired monitoring systems the WSNs can achieve the blind spot and collect the post-disaster data effectively, which will greatly enhance the coal mine safety.
These WSNs require robust wireless communication protocols that are energy efficient and low latency to satisfy the demand of applications. Conventional routing protocols for common WSNs are hardly simply moved into the application of underground mines. There are few special designs for underground mines routing protocols. According to the characteristics of long distance chaintype distribution and unbalanced information flow, the cluster-based routing combined with data fusion technology, which can significantly reduce data latency, improve energy efficiency and ensure better expansibility and applicability. Currently, a large number of energy efficient routing protocols have been presented for ordinary WSNs as fellow: Heinzelman et al. presented a classical clustering protocol of Low Energy Adaptive Clustering Hierarchy (LEACH) [3] , of which communication between the clusters using a single hop, not suitable for the chain-type network situation and serious "hot zone" problem [4] . After that, Heinzelman et al. put forward the LEACH-C algorithm, which improves the clustering quality and uses multi-hop routing approach between the clusters. However, the probability of time latency, signal interference and energy consumption electing cluster heads will increase. The node with the Maximal Residual Energy (MRE) [5] within the maximum communication range of the source node will be chosen as its relay node. This routing algorithm can balance the energy consumption of nodes in a network. Achieving energy balance in routing processes implies the use of nodes with more residual energy to forward data. But this method often leads to long routing paths and large data transmission delays. Threshold sensitive energy efficient sensor network protocol (TEEN) was devised for reactive networks which have sudden and drastic changes in the sensed attributes. Based on a hierarchical grouping where closer nodes form clusters, sensors send the sensed data to their cluster-head when this sensed value reaches a threshold value. The main drawback of TEEN is the necessity for high overhead and complexity involved with forming clusters at multiple levels. Even though these hierarchical routings produce good results in some applications with high redundancy in their data, no evidence exists that the algorithm works well with the applications in which all sensed data should be sent to the base station. Energyefficient Uneven Clustering Routing (EEUC) [6] can balance energy load among these nodes of clusters from a global perspective while it does not consider the node density factor.
Energy consumption module of the sensor node include sensor module, processor module and wireless communication module. Study show that the wireless communication module consumes most of the energy in the sensor module. Routing method which based on hierarchical clustering improve the network scalability, especially in the sensor networks which using clustering organization, the role of the sensor nodes are divided into cluster heads and cluster members. The cluster head as the center of the cluster is responsible for the establishment of the cluster structure to collect the data of cluster members and sending the data to the base station after fusion. Because of the most of cluster heads distance to the base station far, Studies have shown that take the multi-hop communication between cluster heads and base station through the cluster heads composed of backbone networks to achieve multi-hop routing conducive to energy conservation obviously. However, this approach has brought an energy consumption problem of imbalance: all sensor heads is sent data to the base station using the many-to-one data transfer mode, the cluster heads near the base station energy consumption quickly due to a lot of data from other clusters need to be forwarded. When cluster heads transmit their data to the data sink via multi-hop communication, the cluster heads closer to the sink are burdened with heavy relay traffic and tend to die early, causing network partitions.It will make the network partitioning and reducing network survival time. Researchers call this the "hot zone" problem.
In order to balance the energy consumption of nodes, routing protocols need to consider not only the location of nodes, but also their residual energy during the process of selecting the next hop node. For example, the node with the Maximal Residual Energy within the maximum communication range of the source node will be chosen as its relay node. This routing algorithm can balance the energy consumption of nodes in a network. Achieving energy balance in routing processes implies the use of nodes with more residual energy to forward data. But this method often leads to long routing paths and large data transmission delays. For WSNs in underground mines, the information on alarm is required to be sent to the BS as quickly as possible if anomalies are detected. Therefore, the ideal underground WSNs routing algorithm should consider energy efficiency and energy balance in an integrated manner.
Through research and analysis of existing WSNs routing protocols and taking full account of the actual structure of the coal mine environmental characteristics, a Liner Energy-Balanced Uneven Cluster Routing Protocol Algorithm for Underground Mining (LEBUC) is proposed in this paper in section 3. In section 2 we present the network model. We set experimental parameters and discuss the simulation results in section 4. We conclude the paper in section 5.
II. SENSOR NETWORK MODEL
Based on the structure of mine tunnel, we assume that the long chain-type network model as follow: the network consists of N sensor nodes randomly deployed, which distribute in a 
III. LEEUC ROUTING ALGORITHM
In the initial stage of network deployment, base station node will broadcast a message to the whole network. Each node according to RSSI calculates the approximate distance bs D from itself to the base station node. The distance is used to choose the right transmitting power, and it is the necessary information for the candidate cluster-head computing the uneven competition radius. LEBUC algorithm's basic processes as fellow: LEBUC uses the concept of the "round" [3] as LEACH algorithm. Each round is divided into cluster head election section and data collection and transmission section. In cluster head election section, each node decides that whether to be candidate cluster head or not, according to their residual energy and cluster head ratio. Remaining nodes are sleep until the finish of the campaign. Candidate cluster head broadcasts energy information and location information to the base station node, at the same time it intercepts the neighbor candidate cluster head's energy information and location information broadcast to the base station node. After collecting the information, base station node calculate the final cluster head based on final cluster head formula and weighted formula. Then, network entering the data collection and transmission section. The cluster head election section using much less time than the data collection and transmission section in one round. About data fusion, Algorithm used dynamic setting threshold. When mine's measured parameters are stability, we reduce the amount of data transmission and when the measured parameters have large change, the parameter values are delivered timely. For narrative convenience, candidate cluster head nodes represents with CN, final cluster head nodes by FN.
A. Algorithm's Implementation Process 1) Generation of CN
Before the first clustering, according to the minimum energy consumption model, algorithm will calculate out the quantity of the expected optimal cluster head in the process of data collection in the whole network. The quantity of the expected optimal cluster head equation is: Si is become a CN and adjusts the T's value to make the CN meet 2kotp around. Then, the remaining nodes are sleep until the end of the campaign. From the above formula, we know that the more ordinary sensor node's residual energy is, the more easily to become a CN node. In this way, we ensure the balance of network energy consumption.
2) CN nodes calculates competition radius
Because of the reasonable cluster head competition radius is the essential means to reduce the "hot spot" problem. The distance from the CN to the base station and the CNs' energy size are the two key issues influence the candidate cluster head competition radius. In the algorithm, we calculate competition radius consider the two factors. CN competition radius Rc is calculated as: 
Where, CN i-1 、CN i+1 and R c-1 、R c+1 are CN i 's two nearest neighbor nodes and theirs competition radius..
5) Base station calculate election results
After base station collects information for all CN nodes, we divide dmax into N sections evenly. In section I, base station use cluster head quantity formula (4) and weighting formula (5) calculate the number of FN and decide which CN will become FN.
Where, N i is the number of FN in the section I, C i and α are the weighted parameters between 0 and 1, R ci is the mean value of cluster-head competition radius in this section. From the cluster head quantity formula and the weighting formula we know that the bigger R ci is, the fewer cluster is.
5) Complete the election
Base station broadcast election results, FN broadcast successful election messages, and the remaining nodes join to the strongest signal cluster. FN nodes send TDMA frame to the member nodes. Then, network enters into the data collection and transmission stage.
B. Data Fusion and the Energy Optimal Routing
Sensor nodes are tightly constrained in power supply, processing capacity and storage. It is difficult to replace these exhaust nodes. In addition, the complex geographical environments in coal mines determine the necessary of data fusion too. In this paper, we adopt energy-efficient data fusion method [7] by setting the measured parameters'(such as gas, roof's pressure) threshold, when measured parameter's change is below a certain threshold it will send data at a fixed time; when there is a risk that is the test parameter exceeds a threshold it will send data immediately. In this way, we avoid sending a lot of invalid and similar data, while we have not lost the real-time too. Thus it saves network's energy consumption and improves network life time. The data fusion formula is as follows: An energy efficient routing can reduce the total energy consumption for data transmission based on the optimal transmission distance. However, energy efficient routing only considers the distance between nodes during the process of routing. Once the routing path is established, it will not change, which will result in unbalanced energy consumption of nodes. Nodes on an energy efficient path, especially close to the BS, drain their energy quickly with heavy relay loads. As a result, the sensor network becomes incapacitated, because of the decomposition of the network. In our simulation, we established a network to cover a region, 300 m long and 5 m wide, in which nodes are uniformly distributed. The number of nodes changes from20 to 60. The maximum transmission range of the nodes was set at 30m. We used an energy efficient routing based on the optimal transmission distance. From the simulation results, it is seen that the first failure node is about 30 m away from the BS, which is defined as the key region.
Nodes in the key region can all communicate with the BS directly. The other nodes must use nodes in the key region as relay nodes if they want to transmit data to the BS. In this scenario, the nodes in the key region consume the power in their batteries more quickly than do the other nodes, because they need to transmit the data from the other sensors as well as their own data. Since there is no way to transmit data to the BS when all nodes in the key region expend their energies completely, the energy of nodes in the key region should be used more efficiently and in a balanced manner.
Based on cluster-head's remaining energy and communication distance, the adjacent cluster-head routing mechanism uses the Energy Optimal Routing [8] . According to the route weighted values choosing the farthest distance and the biggest remaining energy node as the next hop node, it reduces the using frequency with one path. At the same time, the liner shaped networks will not lead to data transmission diffuseness.
If the selected relay node is the node i itself, it transmits data to the BS directly and completes the routing process. Otherwise, it forwards the data to the relay node and that node then repeats the same routing process. This process continues until a node selects itself as the best candidate and sends directly to the BS. Each node selects one of its neighboring nodes in the key region as the relay node based on the minimum energy cost metric. Nodes do not care if the relay node sends data to the BS or passes data to one of its neighboring nodes. Through a localized decision making process, an energy balance of nodes in the key region can be achieved and the lifespan of the network will be prolonged.
Each node in the key region retains a small EC table. During the setup period, each node broadcasts the message of its energy cost, using maximum transmission power. The message includes node identification, transmission energy consumption to the BS and available energy. Every node in the key region receiving this broadcast message registers the transmitting node in its E c table. When a node transmits data, the information of its current battery level (1 byte) is sent to the BS attached to the data. After one round of data transmission, the BS broadcasts current battery levels of nodes in the key region using the maximum transmission power. Nodes receiving this message update the information of available energy of the node in their E c table. The amount of information on current battery levels is very small compared with the transmission data, so its energy consumption can be ignored.
IV. SIMULATION AND DISCUSSION

A. Energy Consumption Model
The energy consumption of each sensor node consists of three components: communication energy, sensing energy and data processing energy. Sensing and data processing require much less energy than communication, so we consider only communication energy consumption. We use the same energy consumption model as Heinzelman used for wireless communication hardware [9] , [10] . If the node transmits an l bit packet over distance d, the energy consumption of the node is:
When receiving one bit packet, the energy consumption is:
Where, elec E denotes the energy/bit consumed by the transmitter electronics; ε represents the path loss exponent; ϕ is the attenuation coefficient.
B. Simulation Analysis
In this section, we provide several experimental results to validate the effectiveness of the LEBUC algorithm. The comparison of the algorithm is with two other algorithms discussed in LEACH and EEUC.
We evaluate the performance of our proposed LEBUC algorithm via MATLAB. In our simulations, we place 100 nodes randomly in the tunnel which 300m long and 3m wide, where base station is placed at one end of the tunnel. We compare the performance of LEEUC with LEACH algorithm and EEUC routing through the following aspects: as rounds increasing the number of surviving nodes and residual energy of the nodes, energy variance of the cluster heads, the character of data latency.
Simulation parameters are given in Table 1 . The lifetime of sensor networks is one of the most popular measurements to evaluate routing algorithms. Although this work defines the lifetime of sensor network, the definition of lifetime can vary according to the objective and nature of sensor network. Therefore, one can investigate the use of more delicate measurements which could be generally accepted. Also, in this work, we consider that energy is the most critical performance measure. However, in some applications, latency or routing path length becomes more important. It is obvious that hierarchical routing generates shorter path length than the proposed approach with scarifying its solution space because hierarchical approach just considers a two-length routing path. In other words, a tradeoff between latency and energy balance exists. Therefore, it is more reasonable to consider two metrics simultaneous in designing a routing algorithm which is applicable to many wireless sensor network applications. Future work will involve development of routing algorithms with multi criterions which can be applied to many sensor network applications. Fig. 1 and Fig. 2 show the number of surviving nodes and the average residual energy of nodes for different routing algorithms when sensor nodes is decomposed into chain-type network. With the increase of rounds, because of LEACH algorithm use a single-hop mechanism between the clusters, it dose not suitable for the chaintype network situation, so the average residual energy of LEBUC and EEUC algorithm more than LEACH algorithm significantly after 600 rounds. In addition, LEBUC reduce communication consumption by the data fusion technology, so the average residual energy of nodes is greater than EEUC algorithm and the number of surviving nodes is more LEACH and EEUC.
We study three kinds of protocol on the cluster heads consume the energy balance. A heavier burden on the cluster head, only better balanced energy consumption of cluster head in order to avoid certain clusters of premature deaths, improve energy efficiency and prolong the network survival time. Figure 2 shows the variance of the nine randomly selected each round of the cluster head consume the energy from the figure that, LEBUC the lowest variance and most stable, so it is best to balance the cluster head energy consumption. EECU and LEBUC, the variance close to the variance of LEACH, and they have significant fluctuations, which indicates they are not taking effective strategy for balanced energy consumption of cluster head in HEED, some clusters may only contains a node, cluster head itself, thus leading to the cluster head load is not balanced, large differences in energy consumption.
Energy variance of cluster head represents the energy consumption of the algorithm whether balanced or not. Fig. 3 shows the variation in residual energy of cluster head rounds randomly before the network becomes incapacitated. From this figure, we can see that the variation in LEACH is the highest and fluctuate greater than LEBUC and EEUC. LEBUC constructs an energy efficient path which consumes minimum energy based on the optimized distance between nodes. Because of better cluster head campaign mechanism, the energy consumption of cluster head nodes in LEBUC is more balance than EEUC.
In Fig. 4 , we evaluated the average latency of packets combined with elapsed time. Because of using single hop of LEACH, it using less time and higher power consumption than LEBUC and EEUC.
V. CONCLUSION
Wireless sensor networks have special characteristics, such as self-organization and wireless communication, which are beneficial for monitoring underground mine safety. We proposed a Liner Energy-Balanced Uneven Cluster Routing Protocol Algorithm for Underground Mining for the long chain-type wireless sensor network, based on a combination of energy efficiency and energy balance. Simulation results show that the lifespan of the network in LEBUC is prolonged compared with that of EEUC and LEACH. In this way, WSN can transfer monitoring data with small latency and prolong the life of the network. The performance evaluation shows that the energy variance and data latency of LEBUC are better than those of EEUC and LEACH.
In addition, although this study considers a general multi-hop communication scenario, where only a few sensors can communicate with the base station, a more specific problem definition and routing algorithm for this scenario is required. To apply the proposed algorithm to the general case, additional routing policies for sensors not able to communicate with the base station directly is necessary. In other words, sensors far from the base station need a different routing scheme to send their data to one of sensors in the area where sensors can communicate with the base station. Future work will advance the DEBR to apply to the general scenario and investigate how well the new LEBUC works in the scenario.
